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(g) Stripping compositions and method of stripping resists from substrates. 

(57) A stripping composition for removing resists from substrates containing hydroxylamine and at least 
one alkanol amine is described. Optionally, one or more polar solvents can also be included in the 
stripping composition. The stripping composition is especially suitable for removing a photoresist from 
a substrate during the manufacture of semiconductor integrated circuits and for removing cured 
polymer coatings, such as polyimide coatings. 
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The present invention is directed to a stripping composition comprising hydroxylamine and at least one 
alkanolamine for removing resists, such as photoresists or other polymeric layers, from a substrate. One or 
more polar solvents can additionally be included in the stripping composition. The stripping composition is espe- 
cially suitable for removing a photoresist from a substrate during the manufacture of semiconductor integrated 
circuits and the removal of cured polymer coatings from a substrate, such as a polyimide coating, without 
damaging the substrate. 

During the fabrication of microcircuits, the precise positioning of a number of appropriately doped regions 
on a slice of semiconductor is required followed by the positioning of one or more interconnection patterns on 
the semiconductor. Positive-type resists have been extensively used as masking materials to delineate patterns 
onto a substrate so that the patterns can be subsequently etched or otherwise defined into the substrate. The 
final step in preparing the substrate then involves removing the unexposed resist material from the substrate. 
Increasingly, however, plasma etching, reactive ion etching or ion milling is used to define the pattern in a sub- 
strate which renders the resist mask substantially impossible to remove by stripping agents containing one or 
more of the following solvents: halogenated hydrocarbons such as, for example, methylene chloride or tet- 
rachloroethylene; amines and their derivatives such as, for example, dimethylformamide, dimethylacetamide, 
pyrrolidone. diethanolamine, and triethanolamine; glycol ethers, such as. for example, ethylene glycol mono- 
ethyl ether. 2-butoxyethanoI. and 2-(butoxyethoxy)ethanol; and alkylsulfone. such as, for example, dimethyl- 
sulfone. 

Additionally, during such etching processing, an organometallic compound is formed as a sidewall 
polymeric material. The above-mentioned solvents are also ineffective in removing this sidewall organometallic 
polymer. A recently developed technique effective for photoresist removal is plasma oxidation, also known as 
plasma ashing. However, while this process is effective for removing a photoresist, it is not effective for remov- 
ing the sidewall organometallic polymer formed during the etching process. 

Further, polyimides are increasingly used in microelectronics as fabrication aids, passivants, and interlevel 
insulators. The use of a polyimide as a fabrication aid includes application of the polyimide as a photoresist, 
planarization layer in a multi-level photoresist scheme and as an ion implant mask. In these applications, the 
polymer is applied to a wafer or substrate, subsequently cured or patterned by a suitable method and removed 
after use. Many conventional strippers are not sufficiently effective in removing the polyimide layer once the 
polyimide has been subjected to a severe curing operation. Trie removal of such polyimides is normally accom- 
plished by boiling the substrate in hydrazine or in an oxygen plasma. 

In a first aspect, the present invention provides a stripping composition comprising sufficient hydroxylamine 
and at least one alkanolamine miscible therewith to remove a resist from a substrate. 

The stripping composition can optionally contain one or more polar solvents. The addition of a polar solvent 
strengthens the effectiveness of the stripping composition. The stripping compositions allow for the clean 
removal of a resist from a substrate. 

The stripping compositions of the present invention are particularly suitable for removing a photoresist ma- 
terial from a substrate, in particular, during the manufacture of a semiconductor integrated circuit without 
adversely affecting or hindering subsequent manufacturing operation or process steps. 

Further, the stripping compositions of the present invention are suitable for removing cured polymer resists 
from a substrate, such as a partially or fuliy cured polyimide coating, and for removing organometallic polymers 
formed on a substrate during plasma etching processes. 

The method of removing a resist from a substrate using the stripping compositions of the present invention 
involves contacting the resist with the stripping composition at a temperature and for a time sufficient to remove 
the particular resist present 

The stripping composition of the present invention contains hydroxylamine, at least one alkanolamine, and, 
optionally, at least one polar solvent The stripping compositions exhibit synergistic stripping properties suitable 
for removing resists, such as photoresists including those which have been treated in a plasma etching envi- 
ronment and cured polymer resists such as polyimide coatings. Additionally, the stripping compositions are suit- 
able for removing organometallic polymers formed on a substrate during plasma etching processes. 

The stripping composition preferably contains at least about 5% by weight of hydroxylamine and at least 
about 1 0% by weight of at least one alkanolamine. Optionally, the stripping composition also contains preferably 
from about 5%-85% by weight of at least one polar solvent 

The hydroxylamine suitable for use in the present invention has the molecular structure NH 2 OH. 

The alkanolamines suitable for use in the present invention are miscible with the hydroxylamine and are 
preferably water-soluble. Additionally, the alkanolamines useful in the present invention preferably have rela- 
tively high boiling points, such as, for example, 100°C or above, and a high flash point, such as, for example, 
65.5°C or above. Suitable alkanolamines are primary, secondary or tertiary amines and are preferably mono- 
amines, diamines or triamines, and, most preferably, monoamines. The alkanol group of the amines preferably 
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has from 1 to 5 carbon atoms. 

Preferred alkanolamines suitable for use in the present invention can be represented by the chemical for- 
mula R 1 R 2 -N-CH 2 CH 2 -0-R 3 wherein R, and R 2 can be H, CH 3l CH 3 CH 2 or CH 2 CH 2 OH and R 3 is CH 2 CH 2 OH. 

Examples of suitable alkanolamines include monoethanolamine, diethanolamine. triethanolamine, tertiary 
butyldiethanolamine, isopropanolamine, 2-amino-1-propanol, 3-amino-1 -propanoic isobutanolamine, 2-amino- 
(2-ethoxy-ethanol), and 2-amino(2-ethoxy)propanol. 

Polar solvents suitable for use in the present invention include ethylene glycol, ethylene glycol alkyl ether, 
diethylene glycol alkyl ether, methylene glycol alkyl ether, propylene glycol, propylene glycol alkyl ether, dip- 
ropylene glycol alkyl ether, tripropylene glycol alkyl ether, N-substituted pyrrolidone, ethylenediamine. and 
ethytenetriamine. Additional polar solvents as known in the art can also be used in the composition of the pre- 
sent invention. 

The stripping compositions of the present composition are effective in removing a wide range of positive 
photoresists but are particularly useful in removing photoresists commonly consisting of an ortho-naphtho- 
quinone diazide sulfonic acid ester or amide sensitizer with novolak-type binders or resins. Examples of com- 
mercially available photoresist compositions which the stripping compositions of the present invention 
effectively remove from a substrate include K.T.I. photoresists 820, 825; Philip A. Hunt Chemical Corp. Waycoat 
HPR 104, HPR 106, HPR 204 and HPR 206 photoresists; Shipley Company, Inc. photoresists of the AZ-1300 
series, AZ-1400 series and AZ-2400 series; and Tokyo Ohka Kogyo Co., Ltd. photoresist OFPR-800. 

Further, the stripping compositions of the present invention are effective in removing polyimide coatings 
from substrates even when the polyimide coatings have been subjected to a high temperature cure, including 
a cure performed at a temperature as high as about 400°C. Examples of commercially available polyimide 
compositions which the stripping compositions of the present invention effectively remove from a substrate 
includes Ciba Geigy Proimide 293, Asahi G-6246-S, and DuPont PI2545 and PI2555. 

Examples of substrates from which the stripping compositions of the present invention remove photoresists 
without attacking the substrates themselves include metal substrates such as aluminum, titanium/tungsten, 
aluminum/ silicon, aluminum/silicon/copper; and substrates such as silicon oxide, silicon nitride, and galliurrv 
/arsenide. 

The method of removing a resist or other material from a substrate using the stripping compositions of the 
present invention involves contacting a substrate having a resist thereon with a stripping composition of the 
present invention for a time and at a temperature sufficient to remove the resist The time and temperature are 
determined based on the particular material being removed from a substrate. Generally, the temperature is in 
the range of from about 50°C to 1 50°C and the contact time is from about 2 to 30 minutes. 

Examples illustrating the removal of a resist from a substrate under varying conditions using the stripping 
compositions of the present invention are described further below. The following examples are provided to 
further illustrate the present invention and are not intended to limit the scope of the present invention. 

Examples of stripping compositions according to the present invention suitable for removing a resist from 
a substrate are set forth in Table I below. 
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EXAMPLE 1 

Example 1 illustrates the removal of a photoresist from a substrate using different stripping compositions 
of the present invention. The substrate is treated in a conventional manner prior to the treatment of the substrate 
5 with the stripping compositions of the present invention. 

More specifically, wafer substrates were spun in a commercially available spinning apparatus with the 
photoresist K.T.I. 820 at spinning speeds ranging from 1000 to 5000 RPM resulting in the formation of films 
having a thickness of about 0.5-2.5 microns on the substrate. After thus coating the substrate, the substrate 
was heated for about 1 0-20 minutes at 80°C~90°C to drive out any traces of solvent from the photoresist Next, 
10 the photoresist was selectively exposed using an image pattern transfer technique as known in the art The 
exposed areas of the positive photoresist were solubilized in a developer solution. After such development, 
the pattern on the wafer was cleaned using a spray rinse and the wafer hard-baked. Baking temperatures can 
be in the range of from about 1 25°C-200°C. Baking causes the resist to harden and adhere firmly to the surface 
of the substrate. The final step in the wafer preparation process is the removal of the unexposed positive photo- 
is resist material. Removal of this material is performed using stripping compositions of the present invention. 
Stripping baths were prepared and maintained at a constant temperature in 1000 ml beakers. The hard-baked 
coated wafers were immersed in the stripping composition contained in the beakers. The contents of the beak- 
ers were subjected to intermittent agitation for specified times. After the wafer was removed from the stripping 
bath, the waferwas rinsed in a cascade of deionized water and spun dry in a spin/rinser dryer. The effectiveness 
20 of the stripping operation was judged by the time required for removal of the coating layer and the amount of 
photoresist residue remaining on the wafer surface following rinsing. Specific examples performed as described 
above utilizing stripping compositions as set forth in Table I are set forth in Table II below. 

25 TABLE II 

Resist Hard Stripping Bath Bath Time 
Bake Temp, composition Temp, (Minutes) Observations 



30 



35 



40 



125 *c A 65 *C 10 Resist dissolved in 3 

minutes; Rinsed very 
cleanly 

150 °C A 65 *C 5 Resist lifted very 

cleanly from substrate 

180 W C B 65 *C 10 Resist dissolved in 2 

minutes; Rinsed clean 

150 *c D 75 *C 5 Resist dissolved in 3 

minutes; Rinsed clean 



45 EXAMPLE 2 

Example 2 illustrates the removal of a polyimide resist coating from a substrate using stripping compositions 
of the present invention. As in Example 1, a conventional coating method was utilized. 

More specifically, wafer substrates were coated with Asahi G-6246-S negative imagable polyimide to a 
so thickness of 1 6 microns. The coated wafers were baked at 250°C to remove the solvent present in the polyimide. 
The polyimide coating was then exposed in a Nikon Stepper with a 350mJ dose and developed in the Asahi 
A-145/C-210 developer. The wafers were then immersed in a bath containing a stripping composition and pro- 
cessed in the stripping bath as described in Example 1 according to the temperatures and times as set forth 
in Table III below. 

55 



5 



10 



15 



20 



40 



45 



50 



BP 0 485 161 A1 

TABLE III 



Stripping 
CoraDosition 


Bath 
Temo. 


Bath Time 
(Minutes) 


observations 


B 


70 C 


i n 

X u 


Polyimide dissolved; 
Rinsed cleanly 


C 


65°C 


10 


polyimide dissolved; 
Rinsed cleanly 


E 


75 6 C 


10 


Polyimide dissolved 
after 2 minutes; 
Rinsed very cleanly 


I 


65°C 


10 


Polyimide dissolved; 
Rinsed very cleanly 



EXAMPLE 3 



Example 3 illustrates the removal of a polyimide coating from a substrate having multiple layers of materials 

thereon. _ . _ 

25 A coating of Ciba Gelgy Proimide 293 was spun onto a 76.2mm Gallium/Arsenide wafer to a thickness of 

4 microns. The polyimide coating was fully cured at400°C for 30 minutes. Silicon oxide was then deposited to 
a thickness of 1000 Angstrom on the polyimide coated surface. Thereafter, a positive photoresist was applied 
over the silox surface and a pattern created in the photoresist throug h the steps of exposure and resist develop- 
ment The image created was then transferred from the photoresist to the silox surface by etching the silicon 
so oxide using a plasma etching technique as known in the art. The pattern was further transferred to the polyimide 
layer by etching the photoresist and polyimide simultaneously. This procedure resulted in a pattern which cov- 
ered all the regions on which no metal film was desired. Thereafter, a titanium/tungsten metal film was deposited 
over the substrate-polyimide combination. Thus, the metal film contacted the substrate only in those regions 
where the metal film was required. Finally, the polyimide was removed from the substrate by immersing the 
35 treated wafer in a stripping composition of the present invention. The metal film as present In the substrate was 
not attacked by the stripping composition and the polyimide dissolved and rinsed dearly away from the sub- 
strate. 



EXAMPLE 4 



Example 4 illustrates the degree of metal corrosion present to a metal film when the stripping compositions 
of the present invention contact such metal film coated substrate for varying time periods. 

Aluminum was sputtered onto silicon wafers to a thickness of 6000 Angstroms. The sheet resistance of 
the metal film on the wafers was measured using a Prometrix VP-10 four point probe prior to treating the wafer 
with a stripping composition. The wafers were then immersed in stripping composition B or stripping compo- 
sition C as described in Table I for 10, 15, and 20 minutes. Thereafter, the sheet resistance of the metal film 
was again measured. The amount of metal corrosion was based on the percentage of change in thickness pre- 
sent with respect to the metal film. The results are set forth in Tables IV and V below. 
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TABLE IV - Stripping compos ition B 



Time/Minutes Rs Initial Rs Final Change In Thickness 

20 47.74 48.39 1.34% 

15 47.86 48.33 0.97% 

10 47.71 47.85 0.29% 

0 38.39 38.39 0.00% 



TABLE V - Stripping Composition C 

Time/Minutes Rs Initial Rs Final Change In Thickness 

20 47.05 47.39 0.72% 

15 47.17 47.46 0.61% 

10 47.2 47.3 0.21% 

0 47.47 47.47 0.00% 



As will be apparent to one skilled in the art, various modifications can be made within the scope of the 
aforesaid description. Such modifications being within the ability of one skilled in the art form a part of the pre- 
sent invention and are embraced by the appended claims. 



Claims 

1 A composition for the removal of a resist from a substrate, characterised by comprising hydroxyiamine 
and at least one alkanolamine which is miscible with hydroxyiamine wherein the hydroxyiamine and the 
alkanolamine(s) are present in sufficient amounts to remove a resist from a substrate. 

2. A composition according to Claim 1 wherein the hydroxyiamine is present in an amount from about 5%- 
90% by weight 

3. A composition according to Claim 1 or 2 wherein the at least one alkanolamine is present in an amount 
of from about 10%-95% by weight. 

4. A composition according to any one of Claims 1 to 3 further comprising at least one polar solvent 

5. A composition according to Claim 4, wherein the at least one polar solvent is present in an amount of from 
about 5%-85% by weight 

6 A composition according to Claim 4 or Claim 5 wherein the at least one polar solvent is selected from the 
group consisting essentially of ethylene glycol, ethylene glycol alkyl ether, diethylene glycol alkyi ether, 
triethyiene glycol alkyl ether, propylene glycol, propylene glycol alkyl ether, dipropyiene glycol alkyl ether, 
tripropylene glycol alkyl ether. N-substituted pyrrolidone. ethylenediamine and ethyl enetriamine. 

7. A composition according to any one of Claims 1 to 6 wherein the alkanol group of the at least one 
alkanolamine contains from 1 to 5 carbon atoms. 

8. A composition according to any one of Claims 1 to 7 wherein the at least one alkanolamine is selected 
from a group consisting essentially of monoamines, diamines and Diamines. 

9 A composition according to any one of Claims 1 to 8 wherein the at least one alkanolamine has the formula 
R^I^CHiCHz-O-Ra wherein Ri and R 2 can be H. CH 3 . CH 3 CH 2 or CH 2 CH 2 OH and R 3 is CH 2 CH 2 OH. 
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10. A method of removing a resist from a substrate comprising contacting a substrate having a restating 
present thereon with a composition characterised in that the composition composes 
at ieast one alkanolamine which is miscibie with hydroxyiamine at a temperature and for a time sufTic.ent 
to remove the resist from the substrate. 

5 11. A method according to Ciaim 10 wherein the resist is a photoresist 

12. A method according to Ciaim 10 wherein the resist is a polyimide coating. 

to 13. A method according to any one of Claims 10 to 12 wherein the substrate is a semiconductor wafer. 

14. A method according to any one of Claims 10 to 13 wherein the temperature is in the range of from 50°C 
to150°C. 

, 5 15. A method according to any one of Claims 1 0 to 14 wherein the time is in the range of from 2 to 30 minutes. 

16. A method according to any one of Claims 10 to 15 wherein the composition is as claimed In any one of 
Claims 2 to 9. 
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